Because treatment of human immunodeficiency virus (HIV) has become more widespread and effective, there has been an increase in overall life expectancy [1, 2] but also a relative increase in noninfectious complications [3, 4] . Human immunodeficiency virus infection has been associated with increased risk of coronary heart disease (CHD) and myocardial infarction (MI) in multiple studies across different care settings [5] [6] [7] [8] [9] .
Investigation has been increasingly directed towards understanding the mechanism of CHD in HIV-infected patients, with suggested links including higher rates of traditional MI risk factors [10] , use of antiretroviral (ARV) medication [11] , chronic inflammation [12] , and immune dysfunction [13] . Despite the increased understanding of CHD pathophysiology in HIV, little is known about CHD prevention in this group. In particular, it is unclear whether traditional methods of CHD risk reduction are used in a similar manner or provide a similar benefit in HIV-infected (negative) patients compared with HIV-uninfected patients. Aspirin (acetylsalicylic acid [ASA] ) is an inhibitor of platelet aggregation that has been shown to be effective in the primary [14] [15] [16] and secondary [17] prevention of MI, although few studies have investigated its use in patients with HIV. Our primary objective was to compare rates of ASA use for both primary and secondary prevention between patients infected with HIV and matched control patients.
METHODS

Study Design
To assess rates of ASA use for primary prevention, we conducted a cross-sectional study of 4037 patients infected with HIV and 36 338 HIV-uninfected patients without known CHD from the Research Patient Data Registry, a clinical care database of patients from Massachusetts General Hospital and Brigham and Women's Hospital, comprising the Partners HealthCare System in Boston, MA. Data from inpatient and outpatient visits are included in the database, as previously described [18] . Human immunodeficiency virus ascertainment was previously validated [19] and was established based on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes 042 or V08 or corresponding electronic health record (EHR) codes, with initial code occurring before MI if one did occur. The HIV-uninfected group was matched in a 10:1 ratio on age, gender, and race. The time period of analysis started no later than January 1, 2000, the first ICD-9-CM code for HIV when applicable, the first encounter, or the patient's 18th birthday. The analysis period ended no earlier than December 31, 2009, first MI, or last encounter.
We also assessed rates of ASA use among HIV-infected and HIV-uninfected patients with known CHD. We evaluated 410 HIV-infected and 3366 HIV-uninfected patients with prevalent CHD, diagnosed based on ICD-9-CM codes 410-414 before January 1, 2008 and before HIV code, if applicable. For secondary prevention, the analysis period started at the CHD diagnosis date and ended at last encounter or December 31, 2009, whichever was earlier.
Acetylsalicylic Acid Rate Measurement
Acetylsalicylic acid use rates were ascertained based on an algorithm developed for this study using a combination of medication data and EHR free text notes. Medication data included inpatient and outpatient prescriptions. All EHR clinical notes were loaded into an SQL-Server database, which searched for evidence of ASA use using a strategy that located the terms "aspirin," "ASA," "acetylsalicylic acid," and "Aggrenox" and that eliminated cases in which the surrounding text indicated nonuse (eg, mentions of allergies or instructions to avoid ASA). Other brand names of ASA and possible misspellings of ASA were initially included but yielded no search results. We established a criterion for nonepisodic ASA use combining the medication and note data. Patients were classified as ASA users if they had at least: (1) 2 prescriptions, (2) notes with ASA text on 2 or more days, or (3) a prescription and a note. Patients were classified as using ASA for primary prevention if the notes or prescriptions were dated at least 30 days before the MI event. We classified patients as ASA nonusers if they had no notes and no prescriptions. Those with only one note or one prescription were excluded (n = 3329 of 40 375). We validated this algorithm using physician chart review of 207 charts, selected at random equally from HIV-infected and HIV-uninfected patients. The algorithm yielded a sensitivity of 73%, specificity of 83%, and area under the receiver-operating characteristics curve (AUC) of 0.78. When stratified by HIV status, AUC was 0.85 for HIV-infected and 0.76 for HIV-uninfected patients. For the secondary prevention analysis, patients were required to meet criteria for ASA use after the initial CHD diagnosis but before the end of the analysis period.
Patient characteristics including hypertension, diabetes mellitus, dyslipidemia, thromboembolic disease (deep venous thrombosis or pulmonary embolism), atrial fibrillation, and hepatitis C virus were defined using ICD-9-CM coding (see Table 1 for relevant codes). Additional exposure ascertainment included ICD-9-CM code 571 for chronic liver disease, 578 for gastrointestinal bleed, and 531-534 for ulcer disease. We obtained smoking status using a validated algorithm developed based on a natural language processing tool [20, 21] . For HIV-infected patients, patient characteristics measured included CD4 count, HIV RNA, and history of ARV use, subclassified as protease inhibitor (PI) use, nonnucleoside reverse-transcriptase inhibitor use, or nucleoside reverse-transcriptase inhibitor use. Recent CD4 and HIV RNA were defined as the latest laboratory measurement before the end of the analysis period. All patient characteristics were restricted to occurring before MI, if one occurred.
Statistical Analysis
For patients without known CHD at start of observation, the frequencies of MI risk factors and HIV parameters (when applicable) were calculated in the HIV-infected and HIV-uninfected groups, stratified by ASA use. The χ 2 test was used to compare categorical baseline characteristics between ASA users and nonusers in the both the HIV-infected and HIV-uninfected groups. We measured rates of nonepisodic ASA use using the described algorithm in HIV-infected and HIV-uninfected patients stratified by age group, CHD risk (high risk defined as ≥2 risk factors vs low risk defined as 0-1 risk factors, with risk factors including hypertension, dyslipidemia, diabetes, and smoking), and CD4 nadir in HIV-infected patients. We repeated the analysis for HIV-infected and HIV-uninfected patients with CHD before the start of observation, with the exception of stratification by CD4 nadir.
RESULTS
Demographic Characteristics
Demographic and clinical characteristics of patients without known CHD are outlined in Table 1 . Among both HIV-infected and HIV-uninfected patients, ASA users were older and had significantly higher rates of traditional MI risk factors, including hypertension, diabetes, dyslipidemia, and smoking, although the relative differences in risk factors between ASA users and nonusers were greater in HIV-uninfected patients. Human immunodeficiency virus-infected ASA users had a significantly lower nadir CD4 count and a higher proportion of patients on ARV medications. Patients in the HIV-infected group also had higher rates of chronic liver disease (13.1% vs 3.2%), gastrointestinal bleed (11.0% vs 5.5%), and ulcer disease (3.7% vs 1.5%).
Rates of Acetylsalicylic Acid Use
Rates of ASA use are outlined in Table 2 . Acetylsalicylic acid use was lower in HIV-infected compared with HIV-uninfected patients in the overall group (12.4% vs 15.3%, P < .001) and among men (13.1% vs 17.3%, P < .001), as shown in Figure 1 . In age-stratified analyses, ASA use was significantly lower among HIV-infected patients age 30-39 and age 40-49, which was the largest of the age subgroups, but it was significantly higher among HIV-infected men over the age of 70. Rates of ASA used were significantly lower for HIV-infected compared with HIV-uninfected patients in both the high cardiovascular risk (22.1% vs 42.4%, P < .001) and low cardiovascular risk (5.5% vs 6.7%, P = .037) groups, but the relative difference was greater in patients in the high-risk group, as shown in Figure 1 . The relatively larger difference in the high-risk group was seen among both women and men. Among HIV-infected patients, the rates of ASA use were significantly higher among those with a nadir CD4 count of <200 compared with those with a nadir CD4 count of ≥200, among the overall group and women. To address temporal changes in rates of ASA use between HIV-infected and HIVuninfected patients, we compared the distribution of ASA use start years by HIV status and found the mean start year of ASA use to be similar (2005 for each group). To address whether contraindications contributed to lower ASA rates in HIV, we assessed the effect of HIV status on ASA use (using multivariable analysis), controlling for chronic liver disease, ulcer disease, gastrointestinal bleed, and hepatitis C virus. Human immunodeficiency virus remained significantly associated with decreased ASA (odds ratio for ASA, .56; 95% confidence interval, .50-.63). Rates of ASA use among patients with prevalent CHD at the start of observation are outlined in Table 3 . Acetylsalicylic acid use was lower in HIV-infected patients compared with HIVuninfected patients overall (51.6% vs 65.4%, P < .001) and within each gender (44.6% vs 59.3%, P = .004 among women and 54.3% vs 67.1%, P < .001 among men). In age-stratified analyses, rates of ASA use were significantly lower in the HIV group among patients aged 18-39 (32.3% vs 46.1%, P = .036), 40-49 (50.6% vs 61.9%, P = .006), and 50-59 (57.6% vs 72.7%, P = .001) years but not among patients older than age 59. Similar lower rates of ASA use in age stratified analyses were seen in the subgroup of HIV-infected males. Among all patients with known CHD, lower rates of ASA use were seen in patients with 0-1 CHD risk factors (24.7% vs 36.6%, P = .023) and among patients with ≥2 risk factors (59.7% vs 75.2%, P < .001).
DISCUSSION
In this large clinical care cohort comprised of more than 40 000 patients, we found that among patients infected with HIV, ASA was underused in primary and secondary prevention of MI compared with HIV-uninfected patients. Using a validated algorithm to ascertain nonepisodic ASA use, we showed that rates of ASA use were significantly lower in patients infected with HIV compared with matched controls, and that this difference was relatively greater among those at higher cardiovascular risk and those with known CHD.
Prior studies have shown ASA to be under utilized for the primary prevention of CHD in patients infected with HIV, with only 17% of patients who met criteria based on US Preventive Services Task Force recommendations receiving ASA [22] . Another study documented less than 2% of HIV-infected patients using ASA, although it was indicated by guidelines for approximately 31% [23] . However, neither of these studies included an HIV-uninfected population. In addition, the study was not able to compare ASA use in stratified models with patients comprehensively phenotyped for CVD risk and separated by gender. Moreover, these studies have not compared ASA use in primary and secondary prevention. We determined rates of ASA use in HIV-infected and HIV-uninfected patients, with stratification by age, gender, and CHD risk group. We ensured that there was at least a 30-day gap between ASA use documentation and initial MI to eliminate cases in which ASA use was initiated as a consequence of MI. Aspirin use for primary prevention was lower among HIV-infected patients compared with HIV-uninfected patients overall and among males, but not among females. There were also striking differences in rates of ASA use by CHD risk group, with ASA rates increased 20% in HIV-uninfected vs HIV-infected patients at low risk but nearly double for patients at high risk. Aspirin use for secondary prevention of MI was also significantly lower among HIV-infected patients compared with HIV-uninfected patients overall and among both women and men.
The reason for lower rates of ASA use among HIV-infected patients is unclear. One possible reason for the discrepancy is the lack of CHD prevention guidelines specific to the HIV population. Although recent HIV primary care guidelines do provide information on statin use, particularly as they pertain to drug interactions as well as recommendations for diabetes screening, they do not provide guidance on starting pharmacologic prevention measures such as ASA or statins [24] . This omission likely reflects a lack of studies of the role of ASA or statins, specifically in HIV. Moreover, CHD prevention strategies for the general population continue to evolve, as evidenced by recently released cholesterol treatment guidelines [25] . New CHD risk calculators that underlie the guideline changes merit validation in the HIV population, given novel risk factors in the pathogenesis of CHD in HIV infection before formalized adoption of the new cholesterol guidelines in the HIV-infected population. This discrepancy in rates of ASA use could also reflect a generalized under emphasis by HIV providers on noninfectious chronic disease complications of HIV in the earlier years included in the time period of the study. As the paradigm of HIV care in developed countries shifts from preventing acquired immune deficiency syndrome-related complications and treating opportunistic infections to the chronic disease management of relatively healthier patients, clinical practice may take time to incorporate the vast number of changes needed. As noted, some of the chronic disease complications are reflected in recent HIV primary care guidelines that provide guidance on topics including diabetes, colon cancer, and bone density screening [24] . One recent study showed that breast cancer screening was lower among HIV-infected patients compared with HIV-uninfected patients and that HIV-infected patients were less likely to receive a colonoscopy purely for colorectal cancer screening purposes [26] . Another study showed low rates of successful treatment of hypertension among men and women infected with HIV [27] . Human immunodeficiency virus providers must continue to be informed of updates in primary care in addition to their specialty knowledge, including advances in HIV care and an expanded array of ARV medications. An additional reason for lower rates of ASA use in patients infected with HIV could be relatively higher rates of conditions that might increase bleeding risk. In our cohort, patients infected with HIV had higher rates of chronic liver disease, gastrointestinal bleed, and ulcer disease, any of which could represent a relative contraindication to ASA use. The finding that HIV status remained associated with decreased rates of ASA use when controlling for conditions that predispose to bleeding suggests that these factors alone are not likely to explain the lower rates of ASA use observed in HIV.
The gap in ASA use for secondary prevention in HIV-infected patients compared with HIV-uninfected patients may also be accounted for by a lack of specific ASA-related guidelines or an under emphasis by HIV providers. However, the overall low rates in both HIV-infected and HIV-uninfected groups are striking considering the strong evidence favoring ASA use for secondary prevention. The low rates observed among both HIV-infected and HIV-uninfected patients may reflect underuse of this treatment modality, which has been demonstrated for the general population [28] . However, the underlying reasons for low rates of ASA use for secondary prevention in the general population remain unknown. There is a clear need for targeted interventions to increase ASA use in this high-risk population of both HIV-infected and HIV-uninfected patients.
Indications for and optimal rates of ASA use in patients infected with HIV remain unknown. In the general population, multiple meta-analyses of randomized trials of primary prevention have shown that ASA was associated with reduction in vascular events, including MI, but not necessarily a reduction in mortality [15, 16, 29] . The evidence supporting ASA use for secondary prevention of MI in the general population is stronger, with a meta-analysis showing antiplatelet therapy to be associated with a 22% reduction in the risk of serious vascular event and reduction in vascular mortality [17] . Whether this data on the efficacy of ASA use for event reduction applies to patients infected with HIV remains incompletely understood and is a focal point for further investigation.
Mechanistic evidence on platelet activation and endovascular damage in patients infected with HIV-infected suggests that ASA might play at least a partial role in CHD prevention for this group. Platelet activation and aggregation are necessary steps for thrombus formation and arterial occlusion in acute coronary syndrome [30] , and ASA reduces platelet production of thromboxane A 2 , thereby decreasing platelet aggregation. Early evidence suggested that compared with HIV-uninfected controls, patients infected with HIV had increased platelet activation, as measured by flow cytometric analysis of markers P-selectin and CD63 [31] . Further study has shown differential effects between HIV-infected and HIV-uninfected patients in response to various agonists of platelet aggregation, with unclear effects on the overall association between HIV infection and platelet aggregation [32] . There are only limited data on the effects of ASA on platelet aggregation in patients infected with HIV; however, in vitro data suggest that ASA reduces platelet aggregation in patients infected with HIV, although in slightly different ways than for HIV-uninfected patients, and also reduces a generalized marker of immune activation in HIV-infected patients [33] . Overall, it remains unclear whether ASA will have the same effects in HIV-infected patients as in HIV-uninfected patients given the novel CHD-related risk factors in HIV, which may not be mitigated by ASA. This underlying issue of whether traditional CHD prevention measures such as ASA or statin therapy have a different role in HIV infection remains an open question. Furthermore, the role of novel therapies targeting chronic inflammation and immune activation to decrease CHD risk in HIV infection requires investigation in addition to study of more conventional CHD prevention strategies in HIV populations.
Strengths of our study include the use of a well validated, large data registry, previously shown to perform well in the characterization of MI, CHD risk rates, and stroke in HIVinfected vs HIV-uninfected populations [6, 13, 34] . Using this database, we were able to generate a tailored control group matched to the HIV cohort, from the same background population. Therefore, for the first time, we were able to assess rates of ASA use in patients infected with HIV in comparison with matched control patients. We also developed and validated an algorithm utilizing EHR free text search to accurately identify ASA use, an exposure that can be difficult to ascertain using prescription medication data alone. Limitations of our study include the incomplete ability to assess dosing of and adherence to ASA. We were also unable to evaluate over-the-counter ASA use if it was not explicitly mentioned in provider notes. Nonetheless, we expect similar limitations for both HIV-infected patients and matched control patients.
CONCLUSIONS
In summary, our study demonstrates lower rates of ASA use among patients infected with HIV compared with controls, particularly in patients at high underlying cardiovascular risk and those with known CHD. Our findings underscore the need for the development of evidence-based, tailored CHD prevention strategies in the HIV population.
